Of four Holsttin-Friesian calves infected with 200,000 sporocysts of Surcocystis bovicunis, three become ill and died on days 35,55, and 59 of a 63-day experiment. No control calves became ill or died. Serum biochemicals and hematologic indicators of hemostasis from both groups were measured throughout the experiment. Creatine phosphokinase values for both groups increased markedly during acute infection. Lactic dehydrogenase and aspartate aminotransferase values were high in infected calves on days 25 to 35 and days 24 to 63, respectively, indicating injury of muscle, liver, or other tissues. Sorbitol dehydrogenase values were significantly higher for infected than for control calves on days 25 and 35, indicating liver injury. Serum bilirubin and blood urea nitrogen values were significantly increased in three anemic infected calves from day 25 or 26 to day 35, probably reflecting destruction of erythrocytes. The fourth infected calf was not anemic and had no hyperbilirubinemia and only minimal azotemia. Serum protein and albumin values decreased in infected calves on days 21 to 30 or 35, when, although hypoalbuminemia persisted, total protein concentration increased. Glucose, calcium, sodium, and chloride values decreased in infected calves slightly before onset of illness and remained low throughout the experiment. Potassium, magnesium, and phosphorus values did not differ between infected and control calves. Activated partial thromboplastin time and Russell's viper venom time were normal; prothrombin time was significantly higher from day 27 to day 49 in infected calves. This pattern was interpreted as evidence for acquired factor VII deficiency. Abnormal retraction of blood clots and enlarged platelets in blood smears, which indicate platelet dysfunction and increased platelet turnover, respectively, were seen on days 27 through 35 in anemic infected calves. Values for thrombin time (three calves) and fibrin degradation product concentration (one calf) increased just before death of the infected calves.
The principal pathophysiologic effect of experimental acute Surcocystis bovicunis infection in calves is anemia, which develops rapidly during the fourth and fifth weeks after ingestion of infective sporocysts [ 11, 121. The primary mechanism of the anemia is believed to be hemolysis [ll, 121 concurrent with the development of asexual reproductive stages of the organism in the blood vascular system. During this critical period, infected calves have fever, weight loss or reduced weight gain, and partial anorexia, which may persist as long as eight weeks after the onset of infection.
Some calves that ingested an infective dose of about 200,000 S. bovicunis sporocysts died during the critical period in which anemia developed [ll, 13, 15) . Lesions included pallor of mucous membranes, excessive fluid in serous cavities, serous atrophy of fat, and ecchymoses or petechiae in the heart, brain, serosal surfaces, and urinary bladder [ 131. The principal microscopic lesion was necrotizing myocarditis, but inflammatory lesions were found in most parenchymal organs [ 131. Schizonts were found in the vascular endothelium of most tissues during the fourth and fifth weeks [7, 131. The hemorrhages were minimal, and hemorrhage per se was not sufficient to explain the anemic crisis [ 1 11. The pathogenesis of the hemorrhages may have been a consequence of direct injury to endothelium by Surcocystis, or possibly a secondary manifestation of an acquired disorder of hemostasis. Furthermore, hemolytic crises can be a complication of disseminated intravascular coagulation [ 1, 161, an acquired disorder of hemostasis in many infectious and noninfectious diseases.
In calves surviving five weeks after the onset of experimental infection, S. bovicunis encysted and matured in striated muscle throughout the body [7] . These calves had continued weight loss or reduced weight gain, partial anorexia, and progressive weakness and ataxia; and some died [ 1 11.
This experiment was designed to determine further the pathophysiologic changes in calves experimentally infected with S. bovicunis. Certain serum biochemicals were measured throughout the experimental infection in an attempt to identify events in pathogenesis, and the relationship between the development of anemia, believed to be hemolytic, and hemostasis was studied.
Materials and Methods
The experimental animals, experimental design, and serum used in this study have been described [ I 1, experiment 11.
Aspartate aminotransferase (SCOT), albumin, protein, glucose, blood urea nitrogen, and calcium were measured by ultraviolet kinetic assays with commercial reagents and methods (Worthington Biochemical Corporation, Freehold, N.J.) on a computer-directed analyzer (Gilford Model 3500, Gilford Instrument Laboratories, Oberlin, Ohio). Serum bilirubin (reagents and methods by Jendrassik bilirubin, American Monitor Corporation, Indianapolis, Ind.) and sorbitol dehydrogenase (reagents and methods by Calbiochem, La Jolla, Calif.) were measured on the same instrument. Serum creatine phosphokinase and lactic dehydrogenase were measured by commercial reagents and methods on a computer-directed analyzer (the Clinicard System, Instrumentation Laboratory Incorporation, Lexington, Mass.). Routine quality-control practices were used.
Platelet counts from ethylenediaminetetraacetic acid-treated blood samples were done by a standard method with a phase-contrast microscope and a hemocytometer.
The clotting tests, fibrinogen concentrations, and fibrin degradation product concentrations were determined on plasma from citrated blood samples and serum from blood mixed with soybean-trypsin inhibitor, respectively. The plasma and serum were harvested within 20 and 30 minutes, respectively, after collection of blood. They were frozen and stored at -75°C until used. With one exception, all tests were completed within nine months after the experiment had begun. The Russell's viper venom time was measured 21 months after the beginning of the experiment.
Commercial methods and reagents (Ortho Diagnostics Inc., Raritan, N.J.) and a fibrometer (Fibrometer Precision Coagulation Timer, Becton-Dickinson and Co., Cockeysville, Md.) were used to measure activated partial thromboplastin time and prothrombin time. Instructions were to incubate "at least three minutes"; each plasma sample was incubated for exactly three minutes to achieve reproducibility on replicate tests. Triplicate measurements of activated partial thromboplastin time and prothrombin time were made on each sample, except when duplicate measurements were within five seconds of each other, and mean values were recorded.
We determined thrombin time by mixing 25 units of bovine thrombin (Thrombin, Topical, Bovine-Origin, Parke Davis and Co., Detroit, Mich.) with 0.1 ml of citrated plasma in the fibrometer. The principle of the inversely proportional relationship between thrombin time and fibrinogen concentration was used to assay fibrinogen concentration (method by Dade Diagnostics, Inc., Miami, Fla.). The fibrin degradation product concentration, measured by a latex-particle agglutination test, and the Russell's viper venom time were done by commercial methods and reagents (Thrombo-Wellcotest and Russell Viper Venom, respectively, Wellcome Reagents Limited, Beckenham, England).
Mean values for infected and control calves were compared statistically by the Paired T test. Values of p 5 0.05 were considered to be significant deviations from the null hypothesis.
Results
Values for creatine phosphokinase, a muscle-specific enzyme, varied widely in both control and infected calves, and no significant difference was found between mean values for the two groups of calves ( fig. 1 ). The creatine phosphokinase activity in both groups of calves increased markedly during the period of daily sample collection, days 25 through 35. Activities of lactic dehydrogenase and aspartate aminotransferase (SGOT), enzymes that originate from muscle, liver and other tissues, were increased significantly from day 28 through 35 and 24 through 63, hematologic data see experiment 1 [ 1 11). The nonanemic infected calf and the control calves had normal retraction of clots. Platelet counts varied widely from day to day in individual calves and between infected and control calves. Mean platelet counts for each group of calves are plotted in fig. 4 . The mean counts for infected calves tended to decrease during the experiment but were not significantly different (p > 0.05) from the platelet counts for controls. Several enlarged and elongated platelets were seen in blood smears (studied in experiment 1 [ 1 11) during the critical period of development of anemia, days 27 to 35. No enlarged platelets were seen in blood smears from the nonanemic infected calf and control calves. higher on the last day of sampling before their deaths, days 55 and 59 (see experiment
The mean fibrin degradation product and fibrinogen concentrations ( fig. 5 ) were not significantly different in infected and control calves. The fibrin degradation product concentration in one infected calf was elevated in each of the last three sampling periods.
Because prothrombin time increased and activated partial thromboplastin time remained normal in the samples from infected calves, the Russell's viper venom time was done on samples collected on days 0, 14,25,28, 35,42 , and 49 from two infected and two control calves. The results were considered normal for cattle, and no differences between control and infected calves were apparent. The combination of prolonged prothrombin time and normal Russell's viper venom time indicated factor VII deficiency in the infected calves. 1 P11).
Discussion
The bilirubin and blood urea nitrogen changes in calves experimentally infected with Surcocystis bovicunis can be related to the rapid development of anemia on days 2 1 through 35 after infection [ 1 11. Transient azotemia and hyperbilirubinemia occurred in the three infected calves that became anemic, but did not occur in the fourth infected (nonanemic) calf. The azotemia and hyperbilirubinemia disappeared after the progression of anemia ceased about day 35 after infection. Azotemia probably was caused by catabolism of hemoglobin and other proteins resulting from destruction of red blood cells. Azotemia has been associated with regenerative anemia in cattle [4] , and the absence of appreciable dehydration or cardiac failure in our experimentally infected calves precludes other pre-renal causes of azotemia. Renal lesions have been described in experimental sarcocystosis [ 101 and could have caused the observed azotemia. Hyperbilirubinemia is an obvious consequence of hemoglobin degradation when associated with a developing anemia characterized by erythrocyte destruction in the absence of cholestatic liver disease.
Three of the four infected calves became anemic [ 1 11, and serum albumin decreased significantly in all four infected calves. This change is the same as previously recorded for two experimentally infected calves [9] . The mechanism for decreased albumin remains obscure. Hypoalbuminemia persisted throughout the course of the study (except for one sample on day 42). Concomitant loss of red blood cells and albumin is not a satisfactory explanation. Compensatory shifts in albumin-globulin ratios occur in acute infectious diseases, but such changes usually are caused by increased concentrations of immunoglobulin. Immunoglobulin concentrations have been shown to increase in experimental bovine sarcocystosis [9] , but the increase develops 30 days or more after the initiation of infection and after the development of hypoalbuminemia.
The decrease in glucose in the infected calves could be explained by anorexia. Hypoglycemia is an immediate response to fasting in cattle [3] . Anorexia begins 26 to 28 days after experimental Sarcocystis bovicanis infection in calves, a time that correlates well with the onset of significant hypoglycemia and anorexia in the calves in this study. Anorexia also could explain the decrease in concentrations of calcium, magnesium, sodium, and chloride. One study [lo] , however, reports significantly lower sodium and potassium levels in urine for S. bovicanis-infected calves than for feed-restricted controls. Other possible mechanisms cannot be assessed from our data.
Activity of creatine phosphokinase, a muscle-specific enzyme, has been found to be increased significantly in experimental bovine sarcocystosis [8, 151 . We were unable to reproduce this significant difference between infected and control calves in our study. Activity of creatine phosphokinase is a sensitive indicator of muscle injury, and localized intramuscular injection is sufficient to cause a marked increase in serum creatine phosphokinase activity [ 141. Activity increased markedly in our control calves, especially during the period of daily handling and sampling, days 2 1 through 35. This hyperactivity, associated with vigorous health and handling, may have resulted in muscle injury sufficient to cause the change in creatine phosphokinase activity and obscure the anticipated difference from the infected calves. Myocardial degeneration and necrosis, also causes of increased creatine phosphokinase activity, have been described in experimentally infected calves at 31 and 33 days after infection [ 181.
Activity of sorbitol dehydrogenase, a liver-specific enzyme, was significantly greater in the infected calves than in the controls, indicating liver cell injury. Activities of lactic dehydrogenase and SGOT likewise increased significantly, although they may have originated from muscle as well as liver; the activities of these two enzymes also peaked in the control calves during the daily handling period, and at the same time as the peak in creatine phosphokinase activity. The sorbitol dehydrogenase activity, and possibly that of SGOT and lactic dehydrogenase, clearly implies liver cell injury. Centrilobular degeneration has been described in field cases of bovine sarcocystosis [12] , and it may be attributed to hypoxia associated with anemia. Sorbitol dehydrogenase activity increased, however, in the nonanemic and anemic infected calves.
Adequate concentrations of intrinsic-system and common-system clotting factors (XII, XI, IX and VIII; and X, V and prothrombin, respectively) are necessary for normal activated partial thromboplastin time [5] . Likewise, a normal prothrombin time requires adequate concentrations of extrinsic-system (VII) and common-system factors [5] . Therefore the pattern of normal activated partial thromboplastin time and prolonged prothrombin time in calves infected with Sarcocyslis bovicanis in this study indicates an acquired deficiency in factor VII. This conclusion was supported, indirectly, by the determination of the Russell's viper venom time, for which normal values were found in the samples from infected calves. Russell's viper venom replaces thromboplastin in the performance on the prothrombin time test, and factors X, V, and prothrombin are required in adequate concentrations for normal values; factor VII is not required for the Russell's viper venom test, and so normal Russell's viper venom time in a sample having prolonged prothrombin time indicates factor VII deficiency [5] . A factor VII assay is needed to confirm our conclusion. Factor VII is one of several clotting factors that are vitamin K-dependent for hepatic biosynthesis [ 171. It has an extremely rapid plasma turnover rate in man and dog J2, 61. Because of these relationships, factor VII deficiency and prolonged prothrombin time occur in abnormalities of vitamin K metabolism and in diseases characterized by liver injury [2] . The deficiency in man and dog is a mild clinical disorder characterized by a tendency to bruise easily and only a minimal tendency toward hemorrhage [2, 6] . Severe hemorrhage is not described in factor VII-deficient patients. We suggest that the prolonged prothrombin time and acquired factor VII deficiency which correlates with the sorbitol dehydrogenase changes in the infected calves resulted from liver injury.
The poor clot retraction seen in samples from the anemic infected calves is of equivocal value, but it may be subjective evidence for an acquired platelet-function defect. The additional observation of large platelets in the blood smears of the anemic infected calves during this same period indicates an increased platelet turnover rate. Specific procedures to evaluate platelet function, such as determining bleeding time or in vitro clot retraction time, were not done in this experiment, and thrombocytopenia did not occur. Therefore, no specific conclusions regarding platelet hemostasis during experimental acute sarcocystosis can be drawn from our data. The increased thrombin time and the increased fibrin degradation product concentrations were subjective clues for the development of a hypercoagulable state in infected calves near death. These changes were similar to that described for endotoxin-induced disseminated intravascular coagulation in cattle [ 1 81. Classical disseminated intravascular coagulation syndrome [l, 161, however, was not found. The hemostasis data collected during the development of the anemia in the calves infected with Surcocystis bovicunis were suficient evidence to exclude disseminated intravascular coagulation syndrome as a cause of anemia.
